Introduction
Public value mapping is usually viewed in opposition to conventional economic development measures of impact. For example, Bozeman and colleagues (2014, pp. 35-36) state that "the Public Value criterion counterbalances some of the emphasis on economic impacts of technology transfer... without direct attention they are easily set aside or ignored." This opposition is not surprising. Not only do conventional science and technology programs rely on economic development measures such as number of new companies created, but it is also not usual for programs with non-economic objectives to rely on economic development outcomes to justify their programs. First of all, sometimes economic development measures are the easiest to gather information on, quantify, and report out. This is the proverbial drunk looking for keys under the light post. Second, as Bozeman and colleagues argue, economic measures can be positive overall, but worsen divides between the rich and the poor. Third, they argue that public values may include some dimensions economic development, such as having a fulfilling job, but they go further to give consideration to better health, improved safety, or reduced hunger. Of course, economic development benefits also produce spillovers beyond the individual firm gains by distributing benefits such as reduced prices or better quality to customers or sharing practices with other firms in the same location (Feller and Nelson 1999) .
Although evaluations of science and technology commercialization programs do not give sufficient attention to public values, policy is increasingly incorporating public values into many science and technology based programs that have an economic development component. This emphasis on public values in commercialization is not just an interest of public programs.
Technology startups in the private sector increasingly include societal targets in their pitches to venture funders (Lounsbury and Glynn 2001; Frydrych et al., 2014) .
The aim of this paper is to examine how public values can be mapped into the Innovation address but also what societal problems can be considered alongside these private sector needs.
Background
The concept of "public values" has many connotations (Bozeman, 2002 (Bozeman, , 2007 Benington and Moore, 2010) . For the most part, public values are viewed as comparable to societal or collective good, benefits not reserved for the private sector (Jørgensen and Bozeman, 2007) . We use the definition provided in (Bozeman, 2007, p. 37) :"A society's "public values" are those providing normative con-sensus about (1) the rights, benefits, and prerogatives to which citizens should (and should not) be entitled; (2) the obligations of citizens to society, the state and one another; (3) and the principles on which governments and policies should be based." Public values research has identified problems when private economic development outcomes are superimposed on programs and institutions with public targets. For example, some detractors have contended that rising emphasis on university commercialization has undercut the fundamental educational purpose of universities (Kleinman, 2003; Slaughter and Rhoades, 2004; Henkel, 2005) . Commercialization pressures have the potential to have a similar effect on the mission of national laboratories, with defense and national security, as well as research, being at risk (Mowery, 1988; Coursey and Bozeman 1992; Butler and Birley 1998; Aronowitz, 1999; Jaffe and Lerner, 2001; Kassicieh et al., 2002) . Public values mapping distinguishes the core public values of a program using legislative or other records, develops indicators to represent the values, and applies these indicators to program assessments.
Public values mapping could be considered a relative of other efforts to ensure attention to societal impacts. The Ethical, Legal, and Social Implications (ELSI) program was created in the early 1990s by the National Institutes of Health and Department of Energy to provide guidance about societal consequences of mapping the Human Genome Project. The ELSI program allocated 3-5% of the Human Genome Project to the ELSI program, including a research component, public testimony, educational materials, and international collaboration. External reviews of the program have been mixed due to the program's effect on the human genome scientific research agenda (Fisher 2005 , Marshall 1996 ). Even commercialization is expressed as transferring "nanotechnology into products for commercial and public benefit" (National Nanotechnology Initiative, 2015) . This legislation thus sets public values in the context of these emerging technologies.
Various responsible innovation principles have also been put forth. For example, von Schomberg (2013) underscores three goals of responsible innovation: the ethical promotion of social justice, sustainable development, and socially desirable quality of life. Rayner et al. (2013) published "The Oxford Principles," in the UK which are comprised of public good regulation, public participation, research disclosure, independent assessment, and governance of widescale deployment of geoengineering. Roco et al. (2011) indicates that responsible innovation has four characteristics: that it be transformative across disciplines and sectors; that it consider equitable access and environmental, health, and safety concerns; that it include participation across governmental agencies and other stakeholders; and that it take a long-term perspective with measures that anticipate and adapt.
These recent principles and legislation suggests that public values are being given consideration even for programs designed primarily to conduct research and commercialize the results. But while indicators of research (such as number journal articles published and number of citations to these articles) and commercialization (such as number of patents and spinoff companies) are readily available, we do not see a similar attention to the creation of indicators of public values.
We contribute to this gap by considering how public values relate to a prominent commercialization program, I-Corps. To the extent that going from commercialization to public values is a bridge too far, we put forth a set of questions with public values implications that parallel the commercialization questions that are often used to start the I-Corps process.
I-Corps
I-Corps is a program started at the NSF in 2011 to accelerate commercialization of scienceintensive research. The program director was quoted as saying "One of the major goals of the program is increasing the economic impact of NSF-funded research" (Grose, 2014, p. 24) . I-Corps is based on work done by Steve Blank (2013) to incorporate more customer input in to the startup process. I-Corps created an infrastructure that provides entrepreneurship training through a set of "Nodes." I-Corps Nodes are regional locations at universities that deliver entrepreneurship training using the I-Corps curriculum. Nodes also are the focus of efforts to enhance the commercialization infrastructure of their region and feedback information to improve the I-Corps service. The first three I-Corps nodes were Stanford University, Georgia Institute of Technology (Georgia Tech), and University of Michigan. Four other nodes, comprised of three or more universities, were added a few years later in New York City, Washington DC, and Southern California, and Texas.
The training performed at the nodes is directed towards three-person teams. These teams are comprised of principal investigator who has received an award from NSF (or subsequently other agencies who have replicated the program) and completed the research, an "entrepreneurial lead" who is usually a graduate student or postdoctoral fellow, and a mentor who usually has private sector familiarity with transferring academic research into the commercial market. NSF provides $50,000 to support the efforts of the I-Corps team, primarily for travel and prototyping.
These awards are given after screening interviews to determine likely commercialization success.
The key element of the program is the six-month training program. I-Corps delivers a curriculum based on Stanford University's Lean Launchpad (Engineering 245), which was developed by Steve Blank (Blank, 2013) .
The program starts with a three-day boot camp. The boot camp teaches the basics of business development and how to reach out to customers. The former is centered on the Business Canvas Model (Osterwalder and Pigneur 2010) , which is a stripped down version of a business plan. The Business Canvas Model addresses nine factors in the construction of a viable business model. The model begins with brainstorming "hypotheses" or assumptions about who is the customer of a given product or service, what the customer values, and how money can be madethe "value proposition." These hypotheses are then viewed in context of customer needs and validation. Methods by which to establish customer relationships and channels, while maximizing revenue, are quantified. Internal factors are considered, including defining the key partners, activities, and resources necessary to bring the concept to market. In addition, the cost side of the financial equation is measured to assess potential profitability.
The most important aspect of the training is the testing of the hypotheses about the value proposition against customer needs. To this end, the boot camp provides initial training in how to talk to customers. Then, I-Corps participants are to set aside 15 hours a week for "customer discovery," which involves interviews and meetings with potential customers, investors, and business partners. The mentor plays an important role in helping to arrange these meetings. After each set of meetings, the team reviews and iterates or "pivots" its hypotheses to obtain a better match between customer needs and product offerings. The training lasts for six weeks, with the remaining 4.5 months devoted to prototyping of what is known as development of a "minimal viable product."
At the end of the six-month period, the team is ready to decide if the business model is viable as a business, as a technology that could be licensed to another business, or that it is not worth pursuing as a business venture. This point is also known as the "go-no go" decision.
After the training is completed, the I-Corps Team returns to the home university. Having supportive infrastructure for commercialization in the region is thus important because otherwise the lack of infrastructure could stymie entrepreneurial efforts. Such infrastructure includes capabilities to deal with intellectual property issues, financing needs, and personnel and management requirements (Swamidass 2013 Many of the examples we use to explicate the public values implications shown alongside these I-Corps starting questions come from the nanotechnology domain. Nanotechnology is a science-intensive area that has shown to be broadly multidisciplinary, thus applicable to many scientific fields (Porter and Youtie 2009). It also has been shown to have the characteristics of a general purpose technology, thus encompassing many different types of applications (Youtie et al., 2008) . Investments also have been made by the NSF and other agencies in social and ethical research and outreach initiatives as called for in the 21 st Century Nanotechnology R&D Act. For these reasons, we believe that nanotechnology is a good lens through which to examine components of the I-Corps process. Are there any potential environmental health, and safety risks from this application?
Novel functionality. Novel functionality in the I-Corps context refers to the technical specification of the application, how it solves a problem, and solves it better than incumbent products or services. Georgia Tech I-Corps trainers report that many I-Corps participants have difficulty spanning the boundary between the research and a specific application that has value in the market. These trainers draw on a range of questions to help researchers think about their research from the perspective of the market. To this end, examples of questions could include:
 What does this technology do?
 What is the technical specification that makes this unique?
 Why is that useful?
 And then, why is that useful?
 What problem does this technology solve?
 How is the problem being solved right now?
 How is this solution better than the status quo?
Most of the questions focus on the technical target of the research. They try to get researchers to develop a problem is technically solved by the research or that makes the research
useful. An example is a technical specification that a nano-enabled device is three centimeters by 10
centimeters. This specification makes the device useful because the technology is portable and can be taken in the field rather than only being able to be used in the laboratory.
We envision a parallel set of questions that try to get the teams to focus on societal problems solved by the technology. While one might imagine that teams could draw on sources such as the United Nations Millenium Goals, we expect that making the leap from a technical specification to a societal goal might be overreaching. It could lead to overly generalized statements about the societal issues that the technology could address. The risk in this is "greenwashing," in which misrepresentative or exaggerated assertions about the environmental performance or benefits of a product or service are made (Laufer, 2003; Delmas and Burbano, 2011 ).
Some research is likely to be more closely linked to societal needs than others. In the case of nanotechnology, research related to nano-enabled solar cells, nanogenerators, zeolite nanocomposites reverse membranes have a direct connection to green and sustainable development (Shapira and Youtie, 2015) . In contrast, synthesis and characterization of graphene, while important for subsequent applications, may lack the specificity to make such direct connections. Care should be taken in leading researchers to think about their contribution to societal goals in these cases.
Customer. A central I-Corps tenet is to identify the customer for a particular application, then iteratively contact these customers to obtain feedback on the potential product. Most of the questions that guide this process are some variant of: "Who will think this technology is valuable?"
After each set of contacts, the research team member reviews the customer feedback with the mentor and trainers and "pivots" either by changing the product or the market to reflect this feedback. For example, interviews may suggest that the product is not relevant to sell directly to customers (B to C), but is more relevant to sell to corporations (B to C), so the team will make changes to the market and in some cases to the product to make the market or product more viable.
Societal considerations are two-fold in this area. The first concerns the representativeness of the customer list that the entrepreneurial research participant develops with the mentor. While it is important for the list to reflect business aspects of the process, we maintain that attention should also be paid to important societal groups. These groups would prominently include government agencies, especially funding and regulatory agencies, foundations, and nongovernmental organizations. They also should include underrepresented groups such as underrepresented minorities or those who are physically or economically disadvantaged. In the case of the latter, cancer treatments might be very useful but unaffordable to economically disadvantaged groups, the more care for fewer patients problem. The second concerns groups who might suffer from economic displacement if the application is widely diffused. Applications are most useful if they benefit a wide range of customers. Case in point: artificial intelligence researchers should be aware of studies of jobs likely to be taken up by robots (Ford 2015) . It may be too much to expect entrepreneurial team members to solve this problem, but at least, he or she should have the capacity to recognize and reflect on what happens to those who may be displaced.
Partner. Partners are typically viewed as organizations that might promote a science-based application through the provision of resources or performance of activities. A key step in the process, once the value of the application and customer are addressed, is to identify who would be a good partner to bring the technology to market. To this end, most of these supplier identification efforts focus on suppliers.
From a societal standpoint, many emerging technologies have drawn on partners, broadly conceived, in government agencies. Government agencies can provide resources through public procurement of innovative goods to address missions not able to be achieved with off-the-shelf solutions (Georghiou, 2007) . The US has a long history of use of public procurement that leads to private sector innovation even though there is no explicit policy to promote this method (OECD, environmental and health and safety risks associated with nanotechnology ahead of any specific US governmental regulations for nanotechnology (Ferrari, 2010) .
It should be noted that NGOs are not the only source of opposition to commercialization of an emerging technology. Individuals can also generate sufficient issues to challenge commercial entry. A well-known example is Benny the Bear, which stopped using a nanosilver antimicrobial coating because of a blogger's questioned why the company did not provide information about the formulation of the coating (Wetmore, 2010) . We suggest that teams allow for public participation and comment on issues that are likely to be sensitive.
Value proposition. The value proposition concerns the relationship between the customer and the product or service. It focuses on how the products create value, where value is conveyed as "pain relievers" (such as reducing costs, lowering risks, or decreasing mistakes) and "gain creators"
(such as providing savings, yielding better performance and quality, or enhancing accessibility) (Osterwalder, 2012 
Conclusion
Are public values really in opposition to economic development program values? This paper argues that not only can they be conceived of as compatible, but that they can benefit one another.
One could argue that there are no public values and societal benefits if the technology does not get into the market in the first place. That's what the National Academy of Science when they define responsible development of nanotechnology accordingly: responsible development of nanotechnology can be characterized as the balancing of efforts to maximize the technology's positive contributions and minimize its negative consequences. Thus, responsible development involves an examination both of applications and of potential implications. It implies a commitment to develop and use technology to help meet the most pressing human and societal needs, while making every reasonable effort to anticipate and mitigate adverse implications or unintended consequences (Committee to Review the National Nanotechnology Initiative, p. 73).
Thus it is important for economic development to be viewed not as the antagonist of public values, but rather as a platform for co-existence and balancing of values.
To this end, we show how public and economic values can be examined together through a case illustration of the I-Corps program; a program designed with economic development goals to speed research-intensive emerging technologies to market. The paper lays out an approach that ostensibly spans the gap between economic development and public values by mapping public values alongside conventional I-Corps components.
The mapping we show is not intended to be the only way to layout public values implications of the I-Corps. There are many ways of looking at public values in the context of emerging technology commercialization programs such as I-Corps. Rather it is intended to illustrate a capacity for examining how emerging technologies could be conceived of in public values terms as well as in economic value terms.
What benefits would I-Corps gain from public values mapping? One could understand an argument that overlaying public values on top of I-Corps components constitutes an unnecessary burden. The strength of I-Corps is that it has minimal requirements other than that the entrepreneurial researcher leaves the laboratory and talks to potential customers about his or her application. The agility of the program facilitates quicker ventures into the market. Considerations about societal targets, equity and equality, broader participation and representation, and environmental, health and safety could, in this context, seem like we recommend saddling a nimble program with more administrative overhead. We argue, as other social scientists have done (see for example, Guston and Sarewitz, 2002) , that developing this capacity is likely to make for a more successful as well as a fairer application.
